Developmental prosopagnosia (DP) is commonly associated with the failure to properly perceive individuating facial properties, notably those conveying configural or holistic content. While this may indicate that the primary impairment is perceptual, it is conceivable
no perceptual deficit was apparent at all. These observations support the idea that there is an isolable memorial component in DP.
Most studies of DP report allied perceptual impairment. A deficit is most commonly identified in recovering configural or holistic information. This is typically inferred by an unusual inversion effect, which normally reflects an advantage for identifying faces that are upright rather than upside-down, or a composite effect, which reflects an advantage for identifying the top half of a face when this is horizontally offset with the bottom half of another face than when the two are aligned. Both advantages are frequently absent in prosopagnosia (Avidan et al., 2011; Behrmann et al., 2005; Lee, Duchaine, Wilson, & Nakayama, 2009; Le Grand et al., 2006; Nunn, Postma, & Pearson, 2001; Palermo et al., 2011; Schmalzl, Palermo, & Coltheart, 2008) . Lower-level deficits associated with the recovery of first-order relations, such as those capturing the familiar configuration of the eyes, nose and mouth (Garrido, Duchaine, & Nakayama, 2008) , and the apprehension of global-local hierarchical levels (as tested with Navon compound letters; Navon, 1977) (Avidan et al., 2011; Behrmann et al., 2005 : Schmalzl et al., 2008 have also been reported.
Perhaps unsurprisingly, more general tests of face perception, such as the Cambridge Face Perception Test (Avidan et al., 2011; Chatterjee & Nakayama, 2012; Dingle, Duchaine, & Nakayama, 2005; Duchaine, Germine, & Nakayama, 2007) , face matching paradigms (Ariel & Sadeh, 1996; Behrmann et al., 2005; Humphreys, Avidan, & Behrmann, 2007; Lee et al., 2009; Nunn et al., 2001 ) and matching across viewpoint (Behrmann et al., 2005; Duchaine, 2000; Lee et al., 2009; Schmalzl et al., 2008) , that are not designed to isolate a particular type of processing (such as the recovery of first-or secondorder relations), also unveil impairment. These perceptual deficits are sometimes accompanied by problems apprehending emotional expression (Ariel & Sadeh, 1996; De Minnebusch, Suchan, Ramon, & Daum, 2007) , age (Ariel & Sadeh, 1996; De Haan & Campbell, 1991; Kracke, 1994) , gender (Ariel & Sadeh, 1996 , De Haan & Campbell, 1991 , and attractiveness Le Grand et al., 2006) , although it is unclear whether these latter problems are purely perceptual in nature.
At first glance, these findings might be taken as evidence that DP is perceptual in origin, with impaired recall arising because faces are not adequately encoded at the level of the structural description. However, close examination of the published data indicates that there is considerable variability in the perceptual deficits reported (Avidan et al., 2011; Stollhoff et al., 2011) . For example, despite frequent reports of a deficit in configural processing, this is not always present (Duchaine, 2000; Le Grand et al, 2006) . Even family members with congenital prosopagnosia do not show consistent patterns of perceptual deficits (Schmalzl et al, 2008) . This raises the question as to whether, on one hand, DP has multiple perceptual origins or, on the other hand, some (or all) of the perceptual deficits cooccur with a memory impairment but do not cause difficulties in face recognition per se.
Given the relatively small number of individuals with DP who have been investigated with this aim and the lack of uniform assessment, it is still difficult to decide between these alternatives.
Evidence for the idea that memory deficits can occur independently of perceptual impairments is limited to only a few studies. Two of these (Dalrymple, Garrido, & Duchaine, 2014; McKone et al., 2011) reported a memory impairment with intact face perception.
Dalrymple and colleagues showed this dissociation in five of sixteen adult participants while
McKone and colleagues showed it in four of the six tested. However, face perception was only assessed via the Cambridge Face Perception Test (CFPT; Duchaine, Germine, & Nakayama, 2007) which, despite its widespread use (Bowles et al., 2009) Nakayama, 2012; and DPs F30a and M29 in Garrido, Duchaine, & Nakayama, 2008) . More compelling evidence was reported by Lee et al. (2009) , who administered a test battery to three family members classified as DP. The father showed characteristically low scores on the most widely used tests for prosopagnosia, the Cambridge Face Memory Test (CFMT; ) and a famous faces recognition task, both of which are predominantly memory based. However, he showed normal performance on all five perception tests, including the CFPT (Duchaine, Germine, & Nakayama, 2007) , face detection, emotional expression recognition (from eyes alone), and matching across viewpoint. Although suggestive of a memory impairment, the study did not report, except in in one experiment (the face detection task), whether his normal accuracy scores were accompanied by normal reaction times. This is problematic because some cases of prosopagnosia are better characterised by slowed rather than inaccurate responding (Delvenne, Seron, Coyette, & Rossion, 2004; Gauthier, Behrmann, & Tarr, 1999) .
The aim of the present study was to cast further light on the role of perceptual and memory factors in DP. Specifically, we wanted to investigate whether some cases of DP are more likely memorial than perceptual in origin. Of course, the value of any such investigation rests on the detail and diversity of the test battery administered. To assess face memory, we utilised the two most commonly used tests: (1) the CFMT which probes the ability to learn new faces, and (2) a famous faces task to assess longer-term memory. We also administered the commonly used CFPT, which probes the ability to make fine-grained perceptual distinctions between unfamiliar faces. We supplemented these measures with the comprehensive battery devised by Schmalzl et al. (2008) , which has proven sensitivity to the main types of perceptual deficit reported in this population. The battery comprises tasks that together estimate the ability to both detect and individuate faces, including measures that are sensitive to the detection of first-and second-order spatial relations, global/local processing, holistic processing, the detection of feature and contour changes, viewpoint matching, and judgements of facial expression. Note that the Famous Faces task (Exp. 1) and the CFMT (Exp. 2) are reported first, as these were employed to classify DP, followed by the CFPT (Exp. 3) and the test battery (Exp. 4 to 10). However, during data collection, these tasks were administered in a different order (Exp. 4 to 10, Exp. 3, Exp. 2, and Exp. 1). Below we describe the ability of 11 individuals with face recognition difficulties to perform these tests, relative to a group of age-and gender-matched controls.
General Method

Participants
All participants reported normal or corrected-to-normal vision and no documented history of brain injury. To eliminate influence of the own-race recognition bias (see Brigham & Malpass, 1985) , participants were all Caucasian and had lived in the UK for the last three years. Ethical approval for this study was granted by the School of Psychology Ethics Board at the University of Kent, and written informed consent was obtained from each participant at enrolment.
Developmental prosopagnosics. Thirty individuals responded to adverts placed in the local newspaper and on the University departmental website which encouraged people to get in touch if they experienced face recognition difficulties. Both advertisements referred to "face blindness" rather than "developmental prosopagnosia" and featured the following statements, "Do you have difficulty recognising friends when not expecting to see them?" and "Do you have difficulty keeping up with characters in a film?". These questions were not intended to confirm the presence of prosopagnosia, but to confirm a degree of face recognition difficulty that was worthy of further assessment. An interview with each selfreferred participant was subsequently conducted in our research laboratory. This lasted approximately one hour and sought confirmation that the recognition difficulties were symptomatic of DP. To be considered for study, each individual had to (1) answer "yes" to all eight questions about their activities of daily living (ADL) using a DP questionnaire devised by DeGutis, DeNicola, Zink, McGlinchey and Milberg (2011) , (2) confirm that the recognition problem had been evident since childhood, (3) confirm that the difficulty had not followed from a traumatic or other prominent neurological event, and (4) confirm that it was not accompanied by a developmental (e.g., autism or Asperger's syndrome) or psychiatric disorder. Unprompted, many individuals also mentioned the presence of similar symptoms in a family relative. To confirm that a participant has prosopagnosia, each individual then had to score below two standard deviations of the control group's accuracy on the Famous Faces Task and below the established 58.4% cut-off (i.e., an overall score of 42 or below; see e.g., Control group. Eleven (4 male, 2 left-handed) participants aged 25-62 years old (mean = 46.2, SD = 14.4) were recruited to closely match the age, gender, and handedness of the DP group. Typically the difference in age between each control and their corresponding DP was less than one year, but up to two years maximum. All confirmed that they were unaware of a problem recognising faces, answered no to all questions on the ADL questionnaire, and did not report a significant neurological or psychiatric history.
General Procedure
Testing was conducted in a psychology laboratory at the University of Kent. The computerised tasks were administered on a Microsoft Windows ® computer and stimuli were presented on a 20.1 inch Dell ™ monitor at a resolution of 1024 × 768 pixels. Participants were seated at a distance of 1 meter from the computer screen, with their eyes level with the top of the monitor. Responses were given using a Dell ™ USB keyboard. All participants took part in all experiments described below.
Statistical Approach
The responses of each group to the various experimental manipulations were analysed using either univariate or mixed-effects ANCOVAs (with significant interactions explored using Bonferroni-corrected pairwise comparisons). For those tasks that required a speeded response, inferential analyses were only performed on mean correct reaction times that fell within two standard deviations of each participant's mean and that had been log transformed to base power 10. MANCOVAs were also performed on the accuracy and RT data to determine whether a linear combination of perceptual sub-test scores, accounting for age, was more associated with the DP than control group. To provide a handle on individual variability within the DP group, individual test scores were also compared to the control group using
Crawford and Howell's (1998) modified t-tests, which are less vulnerable to the inflated Type 1 error rate that can occur when z-scores are calculated from relatively small control group samples. To increase the likelihood of uncovering perceptual impairment (and thereby refute our prediction that some cases of DP are more memorial than perceptual in nature), these ttests were initially uncorrected for multiple comparisons (alpha = 0.05). As can be seen in Figure 2 , this liberal criterion served us well given that the prevalence of perceptual impairment turned-out to be low. Cronbach's alpha was calculated (based on the 22 control and DP participants) for all experiments in which performance in both groups was below ceiling, except the CFMT and CFPT for which internal consistency reliability has been widely reported (Bowles et al., 2009 again failed to reach significance in any of the experiments (alpha = 0.05) except in several sub-conditions of the Composite task but here it neither interacted with Group nor with the inversion effect (i.e. the outcome of most interest). Given the modest and limited nature of the age effects that emerge when age is treated as a binomial variable, no further mention is made of them in this report.
Experiment 1: Famous Faces Task
To assess long-term retention and retrieval of faces, participants were presented with pictures of well-known celebrities to name. Face images were gathered from the internet and all depicted a frontal view with minimal hair occlusion and no visible accessories such as hats and earrings (though glasses were permissible if usually worn). Images were cropped to include only the face and external features (hair, ears, jaw line) and presented on a black background (see Figure 1 ). Cropped stimuli that were less than 320 pixels high were rejected, and faces were proportionally resized to subtend no more than 3.9° × 5.3° of visual angle with a resolution of 72 pixels per inch. Seventy-seven images were presented in a random order, with each trial beginning with a central fixation cross for 500ms, ending with a blank screen for 500ms. The face remained on-screen until an unspeeded response was made.
Participants were asked to name out loud the celebrity or, if the name did not come to mind but they knew the identity of the person, to provide a distinguishing semantic fact. Either response was marked as "correct" if the individual was identified. Task 
Experiment 2: Cambridge Face Memory Test (CFMT)
The CFMT was administered to assess participants' ability to learn and retrieve the identities of new faces. In contrast to the other face perception tests described below which rely only on detection or matching, the CFMT incorporates both a perceptual and memorial component (for details see . In short, participants are first asked to learn six faces, each from three viewpoints. The recall phase is then divided into three blocks. In Block 1 (introduction) participants are briefly shown a target face and then immediately shown 3 more faces and asked which one they just saw. Given that the study and test images are the same, the task can be correctly performed using image matching alone. In Block 2 (novel images), participants are first shown all six target faces in frontal view and given 20 seconds to review them. Across 30 trials, they are then required to pick out each of these faces from a three-face line-up consisting of a new image of the target identity and two foils. Block 3 (noise) is a 24 trial variation of Block 2 (including the same 20 second review screen) but with Gaussian noise added to the stimuli to keep performance below ceiling and place greater reliance on mechanisms believed central to face recognition. Responses were unspeeded and task duration was approximately eight minutes.
Accuracy was, as is typical, highest for the introduction condition (mean = 90.4%, SD = 17.2), followed by the novel images condition (mean = 64.4%, SD = 21.4) and lowest for the noise condition (mean = 50.9%, SD = 21.4). A one-way ANCOVA revealed a main effect of Group, F(1,19) = 77.84, p < .001, indicating that controls (mean = 81.8%, SD = 8.9) were more accurate than the DPs (mean = 51.0%, SD = 6.9). There was no main effect of Age (F(1,19) = 0.01, p = .91). Individual performance is described in Figure 2 .
Experiment 3: Cambridge Face Perception Test (CFPT)
The CFPT was administered to assess the perception of facial similarity (for details of the original task see Duchaine, Germine, & Nakayama, 2007) . In short, participants are given 60 seconds to arrange six frontal facial images according to their similarity to a ¾ view target face that appears directly above (see Figure 3) . Eight different upright arrangements are then duplicated, inverted, and intermixed to create 16 pseudorandomised trials. Scores reflect how many deviations the participants' order of the faces falls from the correct order. Task duration was approximately 18 minutes. The mean correct responses for all participants are shown in Table 1 
Experiment 4: Basic Configural Processing
A global-local Navon task (Navon, 1977) was administered to assess basic configural processing, that is the perception of both global/local structure and global precedence. This task does not utilise face stimuli and it remains unclear whether it relates to DP (Duchaine, Yovel, & Nakayama, 2007) . However, it has been used repeatedly as an analogue to assess the bias for processing faces holistically compared to on an individual featural level (Behrmann et al., 2005; Bentin, DeGutis, D'Esposito, & Robertson, 2007; Macrae & Lewis, 2002; Perfect, Weston, Dennis, & Snell, 2008; Weston & Perfect, 2005) . Stimuli consisted of the outline of either a circle or square (global shapes), which was made up from either small circles or small squares (local shapes) (see Figure 4 ). Stimuli subtended 6.8° × 6.8° of visual angle. On congruent trials, local and global elements matched (i.e. the big square was composed of small squares), while on inconsistent trials they had a different appearance (i.e.
the big square was composed of small circles). The first block consisted of 40 randomised trials (20 congruent and 20 incongruent) with each trial beginning with a central fixation cross for 500 milliseconds (ms), followed by the stimulus which remained on screen until a response was made, ending with a blank screen for 500ms. Participants were asked to identify the large shape by pressing "c" or "s" on a standard computer keyboard quickly and accurately (as was the case for all tests described below, the mapping between response button and stimulus selection was counterbalanced across participants). The second block was identical to the first but participants were asked to identify the smaller shape. Task duration was approximately four minutes.
( Figure 4 about here)
The responses of three DPs were removed prior to analysis because they confused the response key mappings. Cronbach's alpha for the RT data was .839 but was not calculated for the accuracy data as the mean accuracy for both groups was near ceiling (98%). The mean correct responses and reaction times for all other participants are shown in Figure 2 ). Only one (DP 2) of the 11 DPs demonstrated significant impairment in the Configural task, showing slower RTs than the controls.
Experiment 5: Face detection
The Mooney task (Mooney, 1957 (Mooney, , 1960 was administered to assess the detection of first-order relations (e.g., the basic configuration of a pair of eyes above a nose and mouth), which are believed to be important for recognising a face as a face. Stimuli consisted of degraded facial images in which all colour was transformed to black or white. Individual pixels of contrasting luminance were removed to form smooth blocks of colour so that shadows and highlights were made salient. These stimuli were then duplicated and individually rearranged to form images with no discernible form, thus creating the non-face images. Stimuli subtended 6.9° × 6.9° of visual angle. The task consisted of 40 trials, each containing a pair of stimuli comprising one face and one non-face (see Figure 5 ). Trials began with a central fixation for 500 ms, followed by the stimulus which remained on screen until a response was made, ending with a blank screen for 500 ms. Participants were instructed to choose quickly and accurately which image depicted a face by pressing "1" or "2". Task duration was approximately two minutes.
( Figure 5 about here)
Cronbach's alpha for the RT data was .864 but was again not calculated for the accuracy data as the mean accuracy for both groups was near ceiling (98% Figure 2 ).
Experiment 6: Holistic processing
Holistic processing refers to the simultaneous encoding of multiple features and their integration into a coherent whole. This capacity is taken as a core requirement for normal face processing (see Rossion, 2008) . The most widely recognised measure of holistic face processing is the Composite Faces Task (Le Grand, Mondloch, Maurer, & Brent, 2004) .
Participants are presented with pairs of faces in which the tops and bottoms of each face are either aligned or misaligned (see Figure 6 ). While the bottom halves of the faces are always different, the top halves can match and participants are asked to determine as quickly and accurately as possible whether the top halves of the faces are the same or different. In the current experiment, responses were registered by pressing "s" or "d" on the keyboard. The composite face effect relies on the assumption that misaligned faces disrupt holistic processing and force recognition to be based on features instead. This should therefore lead to better featural discrimination performance, of the top halves of the faces, in the misaligned compared to the aligned condition (Maurer et al., 2002) .
The first block (aligned) consisted of 48 randomised trials evenly divided into "same"
or "different" conditions. In the second block (misaligned), the bottom half of the face stimuli was shifted half-way to the right. Each trial began with a central fixation cross for 500 ms, followed by the stimulus which remained on screen until a response was made, ending with a blank screen for 500 ms. Aligned face stimuli subtended 6.6° × 9.8° of visual angle and misaligned face stimuli subtended 9.8° × 9.8° of visual angle. Task duration was approximately six minutes.
( Figure 6 about here)
Cronbach's alpha was .794 for the accuracy data and .958 for the RT data. The mean correct responses and reaction times are shown in Figure 2 ).
Experiments 7 & 8: Detection of spacing, feature and contour changes
In Experiment 7, the Jane Task (Le Grand Mondloch, Maurer, & Brent, 2001 ) was used to estimate participants' sensitivity to subtle changes in either the identity or spacing of individual features. Several reports exist of impairment in this task in DP (Schmalzl et al., 2008; Le Grand et al., 2006; Rivolta et al., 2012) , justifying its inclusion here. All stimuli were derived from just one face (Jane's) that had been altered from the original in one of three ways; (1) in the spacing condition the eyes were moved in/out (see Figure 7) or the eyes and mouth were moved up/down, (2) in the feature condition, the eyes and mouth were replaced with those from another face, and (3) in the contour condition, the internal part of the face was combined with the contour from another face. Each of the three conditions consisted of 30 randomised pairs of faces (presented alongside each other), with one of the faces altered on 50% of the trials. Each face stimulus subtended 6.6° × 9.8° of visual angle.
Each trial began with a central fixation cross for 500ms, followed by the stimulus until a response was made, and ending with a blank screen for 500ms. Participants were asked to indicate quickly and accurately whether the two faces presented were the same or different by pressing "s" or "d".
In Experiment 8, the entire procedure was repeated but with the faces inverted.
Sensitivity to second-order relations is strongly affected by inversion (Freire, Lee, & Symons, 2000; Leder & Bruce, 2000) so individuals who normally make use of this information to identify faces should be adversely affected by the manipulation. Task Cronbach's alpha in Experiment 7 was .794 for the accuracy data and .976 for the RT data, and in Experiment 8 was .881 for the accuracy data and .979 for the RT data. The mean correct responses and reaction times are shown in Table 1 . In Experiment 7, a 2 (Group) × 3 (Feature change) ANCOVA indicated that the controls were generally more accurate than the DPs, F(1,19) = 5.87, p < .05. Group also interacted with Feature change, F(2,38) = 3.72, p < .05; while DPs were more accurate at detecting feature compared to contour changes, the controls showed no such sensitivity (p < .001). There was no main effect or interaction involving Age (both Fs ≤ 0.15, ps ≥ .78). Despite the higher group accuracy for controls, none of the individual DPs showed evidence of impairment (see Figure 2) .
The RT analysis indicated that controls were generally faster to respond than the DPs, F(1,19) = 4.77, p < .05, and that, together, differences in features (mean = 3.275, SD = 0.13) were more quickly detected than differences in spacing (mean = 3.421, SD = 0. showing significantly slower RTs to the controls (see Figure 2 ).
The effect of inversion in the two groups was explored by subtracting the performance in the inverted experiment from that in the upright experiment. This was calculated separately for the accuracy and RT data. Reliability was .31 for the accuracy data et al., 2013] ), only DP 2, DP 3 and DP 9 produced a smaller inversion effect score (RT data only) than the control group (see Figure 2 ). An alternative inversion index calculated again using the formula: (upright -inverted) / (upright + inverted) (see Wilkinson, Ko, Wiriadjaja, Kilduff, McGlinchey, & Milberg, 2009 ) yielded the same pattern of statistically significant and non-significant effects.
Experiment 9: Viewpoint matching
To assess the ability to form viewpoint-independent representations of faces, participants were asked to quickly and accurately match unfamiliar faces presented at different horizontal viewpoints, which were full frontal, 45-degree mid-profile, and 90-degree side profile view. Each trial consisted of a full frontal view of an unfamiliar face simultaneously presented above three other faces, one of which was the same person and the remaining two were foils. All three were presented at either the same or a different viewpoint to the target. Participants had to indicate, via button press, which of the three test faces was the same person depicted above in full frontal view (see Figure 8) . Each face subtended, on average, 3.5° × 7.9° of visual angle and was positioned within a frame subtending 16.3° × 12.3° of visual angle. Of the 60 trials, 20 showed front views of the three faces, in another 20 trials the faces were at 45° (10 left, 10 right), and in the remaining 20 the faces were at 90°
(10 left, 10 right). All trials were randomised and began with a central fixation cross for 500ms, followed by the stimulus which remained on screen until a response was made, ending with a blank screen for 500ms. Task duration was approximately five minutes.
( Figure 8 about here)
Cronbach's alpha was .426 for the accuracy data and .937 for the RT data. The low Cronbach's alpha for the accuracy data is due to highly consistent participant performance.
Mean accuracy across the three conditions was 93.3% (SD = 3.3) for controls and 88.9% (SD = 4.4) for the DP group. As expected, accuracy in both groups was highest when the 3 test faces were full-frontal (control mean = 99.1%, SD = 2.0; DP mean = 98.6%, SD = 2.3)
followed by the 45 degree side views (control mean = 95.5%, SD = 4.7; DP mean = 89.5%, SD = 6.1), and then the 90 degree profiles (control mean = 85.5%, SD = 7.9; DP mean = 78.6%, SD = 7.4).
A 2 (Group) × 2 (Angle) ANCOVA conducted on the accuracy data revealed a main effect of Angle (Front > 45 > 90), F(2,38) = 4.06, p < .05, and a significant main effect of Group, F(1,19) = 6.72, p < .05, which reflected higher accuracy for the control group (though note that accuracy was still high in the DP group). No other main effect or interaction terms reached significance (Group × Angle interaction F = 2.66, p = .08; all other Fs ≤ 0.40, ps ≥ .54). However, despite the higher control group accuracy only two individuals (DP 7 and DP 10) showed evidence of significant impairment (see Figure 2 ).
The same ANCOVA conducted on the RT data also showed a main effect of Angle, 
Experiment 10: Judgments of emotional expression
Judgements of emotional expression are generally spared in prosopagnosia (Humphreys et al., 2007; Nunn et al., 2001 ) but have been shown in some cases of DP (De Haan & Campbell, 1991; Minnebusch et al., 2007) . Consequently, emotion recognition was also assessed here. Stimuli were made up of 48 faces depicting the six emotions of happiness, sadness, anger, fear, surprise or disgust (Ekman & Friesen, 1976) (see Figure 9) , each subtending 5.8° × 8.8° of visual angle. Each trial began with a central fixation cross for 500 ms, followed by a face stimulus, which remained on screen until a response was made, and ending with a blank screen for 500 ms. Participants were asked to quickly and accurately judge the emotional expression of the face by pressing one of six buttons (a reference key showing which button should be pressed for each emotion was placed below the monitor during the experiment). Task duration was approximately 5 minutes.
( Figure 9 about here)
Cronbach's alpha was .535 and the following results should consequently be interpreted with caution. Mean accuracy was 85.0% for the controls (SD = 5.3) and 83.3% for the DP group (SD = 8.5). A univariate ANCOVA failed to find reliable differences involving Group or Age (both Fs(1,19) ≤ 0.83, ps ≥ .37). One individual (DP 7) produced a mean score that was significantly below the control group mean (see Figure 2) . Given the need to select one of six possible response buttons, RTs were not analysed.
MANCOVA Results
Four separate MANCOVAs were performed on the accuracy and reaction time data to assess whether a more general perceptual difference existed between the DP and control group, as characterised by performance across multiple tests rather than on any one test in particular. Age was controlled for as a covariate and Group was the fixed factor.
(1) MANCOVA of Accuracy data:
The following 16 dependent variables were included: the upright and inversion index scores from Experiment 3, the four conditions and face composite effect scores from Experiment 6, the three conditions from Experiment 7, the spacing and contour inversion effect scores from Experiments 7 and 8, the three conditions from Experiment 9, and the overall score from Experiment 10. Note that 'total' summary scores were not included because of their interdependence with the condition-specific scores from which they were derived. Due to collinearity (r > .8), scores in the upright condition from Experiment 3 and the intact-same condition from Experiment 6 were also removed. The MANCOVA failed to reach statistical significance, F(14,6) = 2.77, p = .11, Wilk's = 0.134, partial 2 = .87, and Age was not a significant factor, F(14,6) = 2.5, p = .14.
(2) MANCOVA of RT data:
The following 14 dependent variables were included: the overall score from Experiment 5, the four conditions and face composite effect scores from Experiment 6, the three conditions from Experiment 7, the spacing and contour inversion effect scores from Experiments 7 and 8, and the three conditions from Experiment 9. Due to collinearity, data from the intact-diff condition from Experiment 6, the spacing condition from Experiment 7, and the 45 degree condition from Experiment 9 were removed. The MANCOVA failed to reach statistical significance, F(10, 10) = 1.78, p = .19, Wilk's = 0.360, partial 2 = .64, and Age was not a significant factor, F(10,10) = 0.8, p = .67.
(3) MANCOVA of RT and Accuracy data combined:
All accuracy and RT variables described in the above MANCOVAs were included but again failed to produce a reliable effect, F(19,1) = 3.81, p = .39, Wilk's = 0.014, partial 2 = .99.
Age was not a significant factor, F(19,1) = 0.50, p = .83.
(4) MANCOVA of those six measures that might be considered most sensitive to face perception deficits; the face composite effect accuracy, viewpoint total accuracy, CFPT accuracy, face detection RT, face composite effect RT, and the Jane inversion effect RT. 
Discussion
We present data from 11 individuals with DP as defined by self-reported difficulties in face recognition and relative impairment on the famous faces test (DP group mean = 41%;
control group mean = 82%), and the CFMT (DP group mean = 51%; control group mean = 82%). Group analysis revealed some evidence of perceptual impairment compared to the controls; accuracy was lower for one of the experimental conditions sensitive to global-local interference (Experiment 4), for detecting Jane Upright changes (Experiment 7) and viewpoint matching (Experiment 9), while RTs were slightly longer on subtests of the Jane Upright (Experiment 7) and composite processing tasks (Experiment 6), and there was a reduced inversion effect in one condition of the Jane task (Experiment 7 & 8) . However, when set against the severe recognition failure shown by the DPs on the Famous Faces Test and the CFMT, these perceptual impairments were subtle; accuracy was always well above chance, less than 15% of the corresponding control mean, and accompanied by normal inversion effects. Additionally, unlike other instances of prosopagnosia (e.g., Avidan et al., 2011; Wilkinson et al., 2009) , the observed reaction time differences only ever differed from the control means by milliseconds rather than seconds making it difficult to see how these could explain the profound identification problems. The failure to clearly distinguish between the perceptual capacities of the DPs and controls could not be easily attributed to differences in age. Compellingly, the patterns observed at the group level were also not evident at the individual level: six of the 11 DPs showed no evidence of perceptual impairment, while the remainder showed heterogeneous impairment profiles. In line with this, the MANCOVAs failed to identify a combination of perceptual test scores that differentiated the DPs from the controls. Together, these data suggest that no single perceptual impairment, or combination of perceptual impairments, is necessary or sufficient for face recognition failure (as defined by the ADL scale, Famous Faces Test and CFPT) to occur in DP.
Examination of individual performance in Figure 2 shows that the most prevalent perceptual impairments were observed on the Jane Upright RT, Jane RT inversion effect, and the viewpoint matching task. For each of these tasks, two or more individuals performed significantly worse than the control group mean. The fact that so few participants encountered difficulty with the viewpoint task is noteworthy because, along with the CFPT, Mooney test, and composite inversion effect, this task is seen as particularly sensitive to face identification impairment (by contrast, the configural task does not involve faces, the emotional expression task does not involve face identification and the Jane Upright task may lack sensitivity to DP -see Yovell and Duchaine, 2006) . Given that performance was so much more impaired on the memory compared to perceptual tests, we suggest it unlikely that the identification problems were perceptual in origin, and propose that many of the isolated perceptual deficits were merely co-morbid to DP. That is, they were simply allied rather than directly causal. This alludes to the idea that DP, like its acquired counterpart, has a dissociable memorial element (Barton, 2008; Damasio, Tranel, & Damasio, 1990; De Renzi et al., 1991) . If true then perhaps some of the perceptual deficits seen in DP are motivational in origin and reflect a reluctance to maximise perceptual face processing during laboratory testing. For example, if the individual knows that he/she is unable to retain facial information then the attentional focus during visual processing may move to non-defining facial attributes or other aspects of appearance such as voice, body shape or posture. Alternatively, and admittedly speculatively, it remains possible that a higher-level memory impairment compromises lower-level perceptual processing via disruptive back-propagated messages.
The non-uniform profile of perceptual impairment seen in the current sample is similar to that reported by Schmalzl et al. (2008) who administered the same battery to members of one family, of whom seven were categorised as DP. All showed a different combination of perceptual impairments but, unlike in the present sample, six of those individuals also failed to show a face inversion effect on the Jane task. Interestingly, one of the seven individuals who showed evidence of DP at screening (i.e. reported that they could not identify photographs of family members), showed no evidence of impairment on any of the perceptual tests. This led the authors to conclude that although a subtle perceptual deficit could not be ruled out, the individual's impairment "seems to lie in the ability to associate a visual percept of a face with an individual identity" (p.113). The current data suggest that the divergent pattern seen in this family member may not be uncommon.
For future research, we suggest the need for additional, larger group studies (as opposed to the single-case or small-group approaches that currently predominate) that are more amenable to robust inferential statistical procedures and that provide a better measure of individual heterogeneity that, as was the case here, belies averaged group effects. While the sample size recruited in the present study is larger than that in most other developmental propsopagnosia studies, it is most likely still too small to speak to the behaviour of the wider population. And although the conjoint administration of the CFMT and Famous Faces Test allows one to separately probe, on one hand, the learning and short-term retention of unfamiliar faces and, on the other, the recollection of faces that have been seen many times over, neither is sensitive to other important determinants of memory ability. A related concern is that while some measures, such as the CMFT, seem able to detect individual differences in performance, others may not have such sensitivity and, accordingly, the profile of individual data reported here must be seen as more suggestive than definitive. 
